Abstract-Third-party logistics (3PL) selection is one of the most important decisions for companies to outsource some part of their activities and concentrate more on its own core competencies. Because of the significant role of 3PL in total performance of the supply chain, its selection is a critical act. This is the most meaningful motivation to generate new solutions to select the best 3PL using appropriate criteria. These criteria and their weights are often full of ambiguities. This makes fuzzy logic a more suitable approach to solve this problem. In this paper, we aim to present a new evaluation method using a combined MCDM approach. Fuzzy weighted and credibility theories are utilized to determine the weights of criteria, and the graph theory and ABC inventory classification are used to priorities alternatives. To demonstrate applicability of the proposed approach, a real case 3PL selection problem is provided.
I. INTRODUCTION
A third-party logistics provider (3PL) is a firm that provides service to its customers of outsourced logistics services for part, or all of their supply chain management functions. This facts enhance accomplishing logistic functions in the markets. This outsourcing approach is an important decision that will make many benefits for the main company. It will allow to the outsourcing company to focus on its core competencies and increase its internal efficiency [1] . Fig. 1 represents the process of 3PL, schemtically. Consequently, an appropriate selected provider would really have a positive impact on the total performance of the company. [2] Such providers are known as third-party logistics (3PL), playing the role of a bridge between the main company and its environment. They may do various functions such as transportation, warehousing, inventory management, and information systems.There is plenty of research studying 3PL from different viewpoint, especially about its selection [3] , [4] .
In this article, we follow to propose a new approach to evaluate 3PL using Graph theory, Fuzzy logic, Credibility theorem and ABC analysis. At first, the literature is reviewed and then the new method is proposed. Furthermore the proposed method is examined using a real case study. We also applied Perron Frobenius theoremdeveloped firstly by Perron [5] for a matrix with positive entries and then extended by Frobenius [6] for a non-negative case. The theorem measures eigenvectors and eigenvalues of a non-negative entry matrix. It has numerous applications in communication, Markov chains, pricing, etc. On the other hand, calculating eigenvalues of a large matrix plays an important role in several domains, for example fluid dynamics, engineering, physics, chemistry and economics [7] . In the actual world, matrixes are large and complex, and this leads to some numerical problems and errors during calculating their eigenvalues. Among various tools for measuring eigenvalues, the Perron Frobenius theorem [5, 6] does not produce these errors. It is useful in producing some eigenvalue features of non-negative entries' matrixes.
The rest of paper is as follows: Next section provides some required definitions and concepts. Section III presnets proposed integrated approach. Section IV provides some numerical illustrations. At end, conclusions and future resaerhes are given.
II. PRELIMINARIES AND DEFINITIONS

A. Directed Graph
A directed graph is used to represent the structure of the multi-cretria decision making (MCDM) problem. The attributes are nodes of the graph, and the links between them are directed arcs. If the direction of an arc is from node A to node B, then node A dominates B.Let M= (V,E) be a graph consisting of a set of vertices V and a set of edges In this respect, two following definitation of graphs is requred to be defined:
 Path count in directed graph: There is a directed graph on n nodes with an adjacency matrix A possible way to evaluate alternatives against a criterion is to find a directed Hamilton route. With respect to the position of alternatives in this route, they should be prioritized. For instance, a directed Hamilton route such as (3, 1, 2, 4, 5, 6) shows number 3 is the best alternative while number 6 has the least priority. This approach has some difficulties, because in general, there are several Hamilton routes.
 Defining diameter of a directed graph: In a strongly connected graph (M), the shortest directed route between U and V is the distance between them. It is called . Supposing M as a strongly connected graph with and A as its adjacency matrix, in (with positive entities) d is the directed diameter of M.The result of solving this theorem is;Adjacency matrix M, is initial if and only if and M be a strongly connected graph.The ith score vectors in tournament M is:
Wherein A is adjacency matrix M and J is a column vector with entities equal to one. If matrix A is initial then based on Perron Frobenius theorem [5] , [6] the absolute highest eigenvalue will be a positive number such as r and therefore we have [8] ; (2) B. ABC Analysis There are many methods for inventory management. One the most popular methods is the ABC inventory classification. The main concept behind it is the Pareto principle and therefore it classifies items into three groups (A, B, and C) based on annual dollar usage of each item. [9] Items in class A are relatively few in numbers but large in annual usage value. While items in class C, are high in numbers but low in annual value. There is another class between these two classes, which constitute class B. In this simple method, control and monitoring policy for class A should be tight [10] .Although this classification is easy in use and the most widely employed technique in organizations, it has some limitations. Many companies have various items in their inventory list, but ABC makes just three kinds of classes for all of them. On the other hand hundreds of items used by companies are not homogenous, while the ABC classification is only successful when inventory is classified homogenously. [11] C. Credibility Theory Fuzzy numbers are introduced to express linguistic variables appropriately. In the following, some basic definitions of the fuzzy sets theory will be reviewed briefly from Kaufmann and Gupta [12] , Raj and Kumar [13] and Cheng and Lin [3] .The fuzzy set theory introduced by Zadeh [14] is suitable for dealing with uncertainty and imprecision associated with information concerning various parameters. Some notions of fuzzy sets and fuzzy numbers are reviewed [2] , [15] .
In a universal set of discourse X, a fuzzy sub set A of X is defined by a membership function wherein , indicates the degree of X in A. The degree to which an element belongs to a set is defined by a value between 0 and 1. If X completely belongs to A, and if completely not the higher means the greater grade of membership of X in A.
Suppose ξ is a fuzzy variable with membership function μ. Then for any set B of R , the credibility of B is defined in(Lin and Liu, 2008) as:
For any set B , the possibility measure of B was defined by Zadeh [14] , that is,
And the necessity measure to be defined [16] :
A triangular fuzzy variable is one with the following membership function (6) The defining feature of validity, credibility (ξ ≥ X) and credibility (ξ ≤ X) is as follows:
Cr ({ξ }) = Let ξ i be fuzzy variables with membership functions, , and let be real numbers, respectively.Suppose that is a function. Then the credibility of the fuzzy event is characterized by is: (Liu, 2004)   
Let ξ be a fuzzy variable. Then its expected value is defined as:
Expected value is one of the most important concepts for fuzzy variables, which gives the center of its distribution [17] . For example according to the definition Eq. (1), the expected value of the triangular fuzzy variable is and for trapezoidal fuzzy variable is . [13] III. THE PROPOSED APPROACH Our model is based on Perron Frobenius [5] , [6] and the ABC Inventory classification and includes four steps:
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Step 1: Introduction of Criteria and Attributes To evaluate 3PLs we need some criteria and attributes based on the context and special situation of each company with ncretria ( ) and m attributes ( ).
Step 2: Calculation of the weights for each criterion In this step, the fuzzy weight of each criterion is calculated based on Buckley where i r is a trapezoidal fuzzy number and i W is the weight of ith criteria. Then based on the formula (10) the amount of credibility for each criterion is calculated; (10) If credibility of some criteria is equal in this step, then evaluation will be done by adjusting weight ( i w  ). Indeed, weights resulting from subjective judgment of managers and weight approximation with fuzzy weight finding will be combined and modified. In other words, formula (11) is used: [8] . Using these final weights ( i w  ) with respect to the amount of credibility, , there is a possibility of weights equality. Therefore, we select criteria based on the amount of credibility.
Step 3: Calculating the matrix of eigenvalues In this step, we calculate the highest eigenvalues ( ) based on the Perron-Frobenius theorem [5, 6] as below: (12) Similarly, adjacency matrixes ( ) are calculated based on graphs in step 1. In adjacency matrixes ( ), priority of each alternative against criteria is evaluated considering directions between nodes.
is a positive eigenvector correspondent to of . Normalized vector,
, with summation of all entities equal to one, could be considered as relative priority of alternatives against criteria in adjacency matrices.
Step 4: Calculating final priority of alternatives After calculating positive vectors, , priority of alternatives is calculated by performing an ABC analysis several times. In this step, final priority is obtained by changing the percentage of A and B the high, moderate important items in class A and B.
IV. THE RESULTS
In this section, we provide a numerical illustration based on the literature to demonstrate the applicability of the proposed methodology. The example is explained according the steps of proposed approach described in previous section.
Step 1: Supposing m=6 and n=4, in the 3PL evaluation, 26 criteria are selected from Lin and Wang [2] as Table I.   TABLE I: EVALUATION CRITERIA FOR PROVIDER SELECTION Step 2: Calculating the weight of criteria Table II is produced based on the procedure explained in step 2. Table III .
International Journal of Modeling and Optimization, Vol. 6, No. 4, August 2016 Because of the equality of ranks and the amount of credibility in Table III for some criteria (C11, C13 , C14, C15, C16, C17 and C21), we calculated another rank for them. Because we want to use four high important criteria (n=4) they were selected based on the amount of credibility using the Eq. (10) . Between all criteria, four criteria, C17, C13, C14 and C17, are in the top of the list with the highest amount of credibility. It should be noted that is a subjective judgment of experts.
Step 3: Adjacency graphs for alternatives considering C17, C13, C14 and C17 are calculated. E.g. we represent adjacency graph C14 for alternative A2 in Fig. 2 . In a similar manner other adjacency matrices M2, M3 and M4 and eigenvalues (S1-S4) are calculated based on the graphs. In M1, A1 dominates over A2, A4, A5 and A6 from the viewpoint of , but is beaten by A3. For instance, in C14 there is and . Therefore, based on this method of evaluation, priorities of alternatives against C14 are 1, 3, 2, 5, 4, and 6. Similarly positive vectors of S2-S4 for other criteria are calculated and shown in Table   6 .
Step 4: In this step, after calculating positive vectors ( ), we rank alternatives using the ABC analysis as shown in Table 6 .
As a result, after four iterations of the ABC analysis and changing the percentage of A and B classes, the priorities are finalized as below: A4>A2>A3>A5>A1>A6. In this step, alternatives are grouped and prioritized in classes (A, B and C), and the best alternative is put in class A. Therefore, in the provider evaluation problem in the 3PL selection, the alternative A4 is selected. 
V. CONCLUSION
Due to the rapid growth of industries and increased global competition, firms must take care of all processes of business. Outsourcing is a solution to help the main company to concentrate on its own core competencies. It improves the total performance of the supply chain if the provider selects appropriately. Therefore, the selection of the 3PL should be done carefully. In this problem, the decision-maker should select the 3PL using different criteria subjectively. It should be noted that the weights of these criteria are not well known and it will increase the vagueness of the problem. Therefore, a suitable combined MCDM approach should be applied to solve such a complicated problem. In this article, we propose a new method using Fuzzy and credibility theory to allocate the appropriate weights of the criteria, Graph theory and ABC analysis to determine the best alternative. This method was applied to a real problem and its stages were clarified step by step. The proposed methodology of this study is easy to implement and quite reliable for ranking the alternatives. The findings provide valuable insights for logistics practitioners, academicians, and educators. Future studies could focus on using other decision making methods such as ELECTERE, and VICOR. Based on the context of the problem, and for evaluating more realistic problems, Triangular and Trapezoidal fuzzy numbers could be used.
And also other methods such as BORDA or the liner allocation algorithm could be applied for filtering effective attributes in big and complicated problems.
